21st Century cities by Oliveira, Vítor
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ABSTRACT 
21st century cities are objects of extreme complexity. Each city – old or new, from Latin America 
to Eastern Asia – has its specific strengths and weaknesses. Similarly, each part of each city – from 
the historical kernel to the peripheral areas – has its particular opportunities and threats. As it 
always been in the past, urban form is one of the main dimensions of 21st century cities. The 
importance of urban form lies not only in itself but also on the fact that it can impact on other 
fundamental dimensions of life in cities. Morpho is a methodology for describing urban form. It 
offers a first ‘layer’ for addressing the physical form of cities based on ‘town plan’ elements and 
characteristics: the spatial accessibility of streets, the density of street-blocks and plots, and the 
coincidence between building and plot frontages. Current research on the methodology explores 
its ability to deal with some crucial challenges of morphological analysis: different scales, different 
landscapes, different periods of formation, the relation between the physical form of cities and 
urban life, and, finally, the relation between scientific research and professional practice. This 
paper explores the first of these, the topic of scale.  
INTRODUCTION  
Morphological theories, concepts and methods have been criticized for their ‘ability to do 
something in particular, and the inability to do it in a different situation’. Critics have addressed, for 
instance, the capacity of a morphological tool to effectively address a small town and its incapacity 
to grasp a whole metropolitan area; the skills to understand a ‘planned’ landscape and the 
incapability to deal with a settlement whose form results of many individual actions; and, also, the 
ability to capture the physical characteristics of an historical kernel and the inability to 
morphologically characterize a 21st century area. In addition, these theories, concepts and 
methods have been many times presented as having an exclusively physical focus, with no 
apparent utility for everyday life, and as being too complex to be of any use to planning 
practitioners. 
This paper fits into a wider research on the development of the Morpho methodology in an attempt 
to address these major analytical challenges; in particular, it addresses the topic of scale (the 
paper is a reduced version of Oliveira, 2020). After this brief introduction, the methodology and 
the case study are presented; the paper then moves to the application of Morpho in three territorial 
scales, metropolitan, city and neighbourhood. 
MORPHO METHODOLOGY 
Morpho has been originally proposed as a methodology to address the physical form of cities and 
first applied at the street scale in the city of New York (Oliveira, 2013). It has been subsequently 
developed and applied at the city scale (Oliveira and Medeiros, 2016) and later in the 
comparison of a large number of cities (Oliveira et al., 2020).  
The ability of the methodology to address different scales will be illustrated in Porto Metropolitan 
Area (PMA). The focus is on the nine original municipalities and not on the seventeen municipalities 
of the area, as the former offers a more accurate picture of the extant relations between 
municipalities. The nine municipalities are: Póvoa de Varzim, Vila do Conde, Matosinhos, Maia 
and Valongo at north, Porto in the centre, and Gondomar, Vila Nova de Gaia and Espinho at 
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south (Figure 1). Porto is the second most important city of Portugal and the centre of its 
metropolitan area. According to the last national census (2011), the city has about 237.000 
people, while the metropolitan area has around 1.3 million people.  
 
Figure 1. Porto Metropolitan Area (nine municipalities), with the identification of three scales of analysis 
METROPOLITAN SCALE  
What should be the most important urban form elements and characteristics to address at the 
metropolitan scale? When analyzing the metropolis, as a whole, the focus should be on its main 
stocks (the places for living, working and leisure) and flows (the movement of people, goods and 
resources). Accordingly, plots or buildings (and not dwellings), and streets and should constitute 
the elements of inquiry for this first layer of analysis. Furthermore, it is argued that the main 
variations of the physical form of the metropolitan territory would be justified by variations in the 
density of plots (or buildings) per street-block and in the density of streets (or more specifically of 
nodes and segments) – Table 1a. The former gives a potential of the diversity of urban actors and 
strategies and the later gives a potential of flows interaction. The analysis of the density of nodes 
(with a focus on 4-ways nodes) and segments can progress into an inquiry of the spatial 
accessibility of the street system.  
Let’s take Porto Metropolitan Area to illustrate these statements. Figure 2a is the segment map of 
PMA, and represents integration at radius 25,000 (see also Table 1b). Integration measures the 
distance from each segment of origin to all others in a given radius, highlighting the most important 
centralities. Figure 2b is the density of buildings (as data on plots is not available for the PMA) per 
street-block, per hectare. Both maps make evident, with considerable detail, the central role of the 
city of Porto in the metropolitan area, and within the city, its central part limited by the inner ring 
road. Both maps highlight a number of axes (made of streets and buildings) leading to north, east 
and south. While in the segment map this is made of traditional and new streets (usually 
motorways), the map of buildings density reveals mainly the traditional structure, closer to what 
would be a map of integration calculated for a lower radius. Matosinhos, as a whole, and Gaia, in 
the northern part of the municipality have high values for both criteria (see also Figure 1 for the 
location of cities). On the contrary, Vila do Conde (except for its central parish) has low values for 
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both streets and buildings. The map of buildings density – but not the segment map at this scale, 
only at a lower scale – highlights the values of the central parishes (with the municipalities names) 
of Póvoa de Varzim, Vila do Conde and Espinho. The results of this morphological analysis, 
focused on the main stocks and flows, match the main characteristics of the housing prices and of 
the employment catchment areas of the PMA. 
 
 
Figure 2. Porto Metropolitan Area: segment map, integration at radius 25,000 (the colour range goes from red - highest 
values - to orange, yellow, green, blue and dark blue - lowest values) and map of density of buildings, per plot per hectare 
(the colour range goes from black - highest values - to grey and to white - lowest values). Source: the segment map has 
been kindly given by Miguel Serra; it has been published in Serra and Pinho (2013). 
 
Table 1. The town-plan and the different scales of analysis 
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Max Ave Min Sma Med Lar Hig Med Low C+MC NC+MNC 
Porto metropolitan area 8135.8 4136.6 172.5 31,1 21,4 47,5 20,0 22,8 57,2 - - 
Porto city 8135,8 6235.2 3858.
5 
47,8 23,5 28,7 38,1 24,7 37,2 48,3 51,7 
Caxinas neighbourhood 2386.2 2096.9 1715.
9 
55,3 36,8 7,9 81,6 7,9 10,5 73,7 26,3 
Accessibility of streets: Max – Maximum, Ave – Average, Min – Minimum  
Size of street-blocks: Sma – Small, Med – Medium, Lar – Large 
Density of buildings: Hig – High, Med – Medium 
Coincidence between building and plot frontages: C – Coincident, MC – Mostly Coincident, MNC – Mostly Non-
Coincident, NC – Non-Coincident. 
 
CITY SCALE  
Moving from the metropolitan to the city scale implies the additional consideration of street-blocks 
size and of the relation between building and plot frontages (Table 1a). As such, density continues 
to be the main characteristic under inquiry, in a direct or indirect way. Firstly, Morpho measures 
the accessibility of the street system, using again the method of angular segment analysis and the 
measure of integration. Secondly, Morpho addresses the density of street-blocks. It considers six 
classes of size: under 5,000 m², 5,000-10,000 m² (these two fall under Siksna, 1997, classification 
of ‘small’), 10,000-20,000 m² (‘medium’), 20,000-50,000 m², 50,000-100,000 m², and over 
100,000 m² (‘large’). Thirdly, Morpho focuses on the density of buildings, considering its number 
per street-block and dividing it by the area of the street-block (measured in hectares). Six classes 
are defined: fewer than 1, 1-5, 5-10 (low density), 10-20 (medium density), 20-50, and more than 
50 (high density) buildings per hectare in each street block. Finally, the coincidence between 
building and plot frontages is addressed. In particular, in each street block, Morpho measures the 
number of plots where building and plot frontage is coincident and expresses it as a percentage. 
Four classes are considered: Coincident / C, Mostly Coincident / MC (coincidence in more than 
50% of plots in a street block), mostly non-coincident / MNC (less than 50%) and Non-Coincident 
/ NC. In terms of measurement procedure, one building within one plot is considered aligned if 
more than 50% of the building frontage coincides with the plot frontage. 
The application of Morpho to the city of Porto reveals that the integration core (considering the 
metropolitan area for calculation of a 3,000m radius) is made of a dense central area organised 
around two east-west axes (Constituição and Boavista) and a number of north-south axes (Figure 
3). Both the western and (particularly) the eastern parts of the city have lower values of 
integration. There is a dominance of ‘small’ street-blocks – almost half of the total number of street-
blocks (Table 1b). Density of buildings is more balanced. Yet, almost 2/3 of the street-blocks has a 
high or medium density of buildings. Finally, considering the street-blocks that are mainly or 
exclusively residential, it can be said that the street-blocks with non-coincident or MNC is slightly 
higher than the street-blocks with coincident or MC building and plot frontages. Previous 
investigation (Oliveira et al., 2020) shows that, against the background of the 20 main Portuguese 
cities, Porto holds, together with Lisbon and Beja (located in the Alentejo region) the highest results 
for these four criteria taken together. 
Both analysis, at metropolitan and city scales, focus on structural elements of urban form. Inquiry at 
city scale extends the analytical framework of the metropolitan scale, detailing it through the 
consideration of two new, but related, criteria – the size of street-blocks and the coincidence 
between building and plot frontages. For instance, while the analysis at metropolitan scale has 
revealed a difference between two fundamental areas of Porto – one ‘within’, the other ‘outside’ 
the internal ring-road of the city – the analysis at city scale makes it more explicit. It is not only the 
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accessibility (topological) of the streets that is different, it is also the size of the elements of the 
street system and the size of street blocks. Similarly, it is not only the density of buildings that is 
different in these two parts; in general, buildings located ‘outside’ the inner ring-road (contrarily to 





Figure 3. Porto: segment map, integration at radius 3,000; map of density of buildings, per plot per hectare. Source: the 
segment map has been kindly given by Miguel Serra; it has been published in Serra and Pinho (2013). 
NEIGHBOURHOOD SCALE  
At the neighbourhood scale, the analysis of the town-plan is complemented with an inquiry to the 
main elements of building fabric and of land and building utilisation. To illustrate this scale of 
analysis, the paper focuses, not on a small part of Porto but for the sake of diversity, on Caxinas, a 
fishing settlement with a long urban history and a strong identity and character, located in the 
northwest part of the Vila do Conde parish, in the municipality with that same name (figures 1 and 
4). It is one of the places with the highest building density as illustrated in Figure 2b.  
The relief of this settlement has no significant variations. The spatial accessibility of Caxinas is very 
high, not only when considering it at a neighbourhood scale of analysis, such as a 500m radius, 
but also when considering it at an urban scale, such as a 3,000m radius. The area has 53 street 
intersections; 24 of these are 4-ways nodes, which reveals a certain balance between accessibility 
and privacy. The area is made of 38 street-blocks. More than half of these is ‘small’ and only three 
are ‘large’ street-blocks (Table 1b). 4/5 of these street-blocks has a high density of plots; only four 
have a low density of plots. In many occasions plot width is less than 5m. Building and plot 
frontages are coincident, or mostly coincident, in ¾ of the street-blocks. 
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Most of the 1,500 buildings that make this area have one or two-storeys. ¼ has three or four 
storeys, and only a small minority has five or more storeys. Most streets have between 7,5 and 
15m width. While 85% of the buildings have exclusively a residential use, only six of the 38 street-
blocks are exclusively residential and two street-blocks remain empty. 
The two most vibrant streets of Caxinas are the seafront and the first parallel street – Dr. Carlos 
Pinto Ferreira. The latter is 1,000m long. The west and the east sides of the street are made of, 
respectively, 108 and 130 buildings, opening their doors directly into the street – including single-
family houses, multi-family houses, restaurants and coffee shops, supermarkets and fruit shops, 
hairdressers, banks, to name the most important. This means that on average, and one each side of 
the street, there is one new building each 8m (as mentioned before many buildings have less than 
5m width, with a two ‘bays’ façade – two doors or one door and one window in the ground floor, 
and two windows in the upper floors). 
Table 1b captures the main numbers of the three scales of analysis. In addition to the central area 
of Porto (‘within’ the ring-road), the fishing settlement of Caxinas, holds one of the highest building 
densities (Figure 2b and Table 1b) and accessibility levels (at 3,000 and 5,000 radius) of the 
metropolitan area. As in the former section, this overall description of stocks and flows can be 
further detailed. Indeed, it can be said that Caxinas is made of high accessibility of streets, high 
density of street-blocks and buildings, and high coincidence between building and plot frontages. 
This makes it closer to other parts of the PMA – notably nineteenth-century tissues of Porto – and 
different from others parts of its city and of the metropolitan area. The analysis has also revealed a 
number of aspects of its building fabric and land and building utilization, not only of Caxinas as 
whole, but also of its most vibrant places. 
 
Figure 4. Caxinas aerial view (source: Google Earth). 
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CONCLUSIONS 
The paper addressed a fundamental issue of morphological analysis, the differences of scale. 
Morpho proposes a focus on the town-plan elements in the analysis of three different scales 
(illustrated in the Porto case): metropolitan, city and neighbourhood. It is argued that the inquiry to 
the physical form of the metropolitan scale should focus on streets (flows) and plots/blocks (stocks) 
and that the main differences in the metropolis are related to variation of density of these two 
elements (that can be then related to spatial accessibility, in the case of streets). The analysis of the 
city scale enlarges the emphasis to the density of street-blocks and, most important, to the 
coincidence between the building and plot frontages along each street of the city. Finally, when 
describing the neighbourhood scale, Morpho uses not only these four elements of the town plan 
but also the building fabric and of land and building utilization. 
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